Glycolic acid oxidase activity was detected in cell-free preparations of Anabaena flos-aquae and Oscillatoria sp. by the reduction of 2,6-dichlorophenolindophenol and by the formation of glyoxylate. Enzyme activity was localized in the 20,000 times gravity supernatant fraction, and optimal activity was obtained at pH 8.0. Activity was lost on storing the preparation at 4 C and could not be restored by addition of flavin mononucleotide.
The oxidation of glycolic acid in higher plants is catalyzed by glycolic acid oxidase (14) . This enzyme has a requirement for FMN2 (4, 14) although an alternate form of the enzyme is reported not to have this requirement (1) . Both forms are inhibited by a-hydroxysulfonates (1, 12) .
Oxidation of glycolate has been reported in preparations from two green algae (5, 6, 13) . There have been no reports that this activity is affected by either addition of the cofactor or inhibitors of the higher plant enzyme. However, a-hydroxysulfonates do not affect glycolate metabolism in intact algal cells (9) .
Norris, Norris, and Calvin (7) demonstrated that phosphoglycolic acid is a product of photosynthesis in blue-green algae, and, recently, it has been shown that glycolic acid is taken up and metabolized by Anabaena flos-aquae and Oscillatoria sp. (Miller, Cheng, and Colman, unpublished). These findings suggest that a glycolate oxidation pathway is operative in blue-green algae.
MATERIALS AND METHODS Culture of Algae. A. flos-aquae was obtained as a bacteria-free culture from the culture collection of algae at the University of Indiana, and a bacteria-free culture of Oscillatoria sp. was a gift of Dr. S. R. Brown, Queen's University, Kingston, Ontario. The algae were grown on medium 11 of Hughes, Gorham, and
Zehnder (2) The homogenate was centrifuged at 500 g for 5 min at 4 C, and the green supernatant was decanted off and recentrifuged at 10,000 g for 10 min. The pellet was discarded, and the supernatant was centrifuged at 20,000 g for 20 min. The supernatant and pellet were assayed immediately for glycolate oxidase activity since activity was found to decrease during storage at 4 C, and could not be restored on the addition of FMN.
Glycolate Oxidase Assays. The enzyme was assayed by the reduction of DPIP (10, 13) and by the formation of glyoxylate.
The dye reduction assay was carried out in Thunberg cuvettes. (13), who reported enzyme activity in both a water-soluble and a green residue fraction in preparations from Chlorella and Chlamydomonas, the bulk of the detected activity appearing in the residue fractions. However, the occurrence of enzyme activity in a soluble fraction from blue-green algae may be due to the severity of the technique employed for cell breakage.
Activity was detected by both assays in the absence of added substrate (Fig. 1) . In reporting the enzyme activity, therefore, a correction was always made for any activity occurring in the absence of added glycolate. DPIP reduction and glyoxylate formation showed a 1:1 ratio as long as the glyoxylate was determined immediately after the reaction had been terminated. In preparations from both algae it was demonstrated that the rate of reaction was proportional to the concentration of protein added to the reaction vessel, and a graph of initial reaction velocity against protein concentration gives a linear relationship (Fig. 2) . Heating the supernatant fraction at 90 C for 5 min destroyed all glycolate oxidase activity. The rate of reaction is also proportional to the concentration of added substrate. Optimal enzyme activity was detected at pH 8.0 (Fig. 3) , which closely resembles the pH optimum of 8.3 for glycolate oxidase isolated from higher plants (11). The activity of enzyme isolated from Oscillatoria is moderately stimulated by the addition of FMN (Table I) , a cofactor which can stimulate glycolate oxidation by the higher plant enzyme (1, 4, 14) . No stimulation of activity was observed on the addition of FMN to the 20,000g pellet from either blue-green alga.
Addition of FMN did not stimulate glycolate oxidation in Anabaena preparations, but rather had a slight inhibitory effect. This finding is similar to that of Zelitch and Day (13) . The lack of FMN stimulation, together with the higher enzyme activity generally observed in extracts of Anabaena (e.g., Fig. 2) suggests that the naturally occurring cofactor is not separated from the enzyme or destroyed during the preparative procedures. Alternatively, the glycolate oxidase of Anabaena may require a different cofactor than does that of Oscillatoria and could be a ferredoxin-requiring enzyme such as that reported by Baker and Tolbert (1) .
The effect of two a-hydroxysulfonates on the oxidation of glycolate by the supernatant fractions of both algae is shown in Table II . There is a marked inhibition of glyoxylate production by the inhibitors at a final concentration of 10' M, which is comparable to the inhibition observed with these compounds in studies of the glycolate oxidase of higher plants (12) . These inhibitors have only a slight effect of glycolate uptake by the intact cells (K. H. Cheng, unpublished data). Failure to demonstrate effects of a-hydroxysulfonates on glycolate metabolism in intact algal cells (9) may be due to the inability of these inhibitors to permeate the cell to a sufficiently high concentration. Such findings cannot be unequivocally interpreted as evidence for the lack of glycolic acid oxidase or for the lack of specificity of ahydroxysulphonates on glycolic acid oxidase.
Isonicotinylhadrazide, which has been shown to be an inhibitor of the glycollate pathway by specific action on serine transhydroxymethyase (8) , has little effect upon oxidatio.n of glycolate by these cell-free extracts.
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